





















Fundamental Study on Home Finger  
Rehabilitation Support Device for 









Graduate School of Systems Information Science 







Recent advances in medical science have been remarkable. It has entered the level of prototyping 
human organs using artificial pluripotent stem cell culture (iPS cells). In the field of rehabilitation, 
regeneration of brain damaged in cerebrovascular disorder, or regeneration of spinal nerves 
damaged by external injury, may be expected to realize in far future.  
A brain is the highest central nervous system that controls human functions. It is divided into 
zones called function localization. The brain and spinal cord are the source of human motion. 
However, the damage to these nerves is regarded to be irreversible, which forces many patients 
suffer from after effects for long periods. Especially the disorder of motor area in the frontal lobe 
shuts down the voluntary motion of humans. This is called a motor paralysis. Also, the disorder 
of sensory area in the parietal lobe interrupts the sensory input from the outside world, thereby 
causing significant hindrances in daily life, which will lower the quality of life. If the cells are 
regenerated by this iPS cell, it is thought that the function of the damaged central nervous system 
will be perfectly reacquired. However, in the field of neuro-rehabilitation, it is reported that the 
proper rehabilitation seems to regenerate new nerve circuits. This finding highlights an 
importance of continuous and appropriate rehabilitation. 
One of the topics actively investigated in the area of functional recovery in rehabilitation of 
modern central nervous system is a field of medical robotics. The reason why rehabilitation 
focuses on this field is that the factors that can induce and amplify the patient's own intention and 
voluntary motion at a weak stage are integrated 
Normally, human's actions in daily life are voluntary. But it is based on a program of brains in 
which motions at unconscious level are combined with each other in several layers. Therefore, it 
is almost impossible to model and write down the program itself. For example, it is not able to 
instruct a person by language how to move his/her finger if he/she is impaired with upper limb by 
brain damage. Also, in a case of a person with lower limb impairment, we cannot instruct how to 




What is effective in such cases is the presentation of biological signals. By this, a patient is able 
to realize that his/her intentions of motions are conveyed properly. This method is called 
“biofeedback”. It has been studied for many years. But a clear theory has not yet been established. 
In order to re-learn and reacquire voluntary movements via rehabilitation, a patient has to trace 
a feedback loop of intention, movement, and task accomplishment. An intention activates a 
movement. The movement realizes the accomplishment of the objective task. During this, the 
movement is observable to the patient. This gives the patient to know how his/her intention is 
carried out. The entire feedback loop is naturally done for a healthy person. But for a patient, it is 
quite difficult. 
A medical robotic approach gives an alternative way to let patients experience this feedback. In 
this approach, some bio-signals involved in an intended task is visualized to a patient. This gives 
the patient to confirm his/her condition during trying to perform the task. The process gives a 
similar effect where a healthy person monitors his/her movements. If this approach could be 
realized easily and inexpensively, self-rehabilitation could be done. 
In our country, an upper limit is set to the amount of rehabilitation in medical institutions. This 
is by the reasons of the reduction of medical expenses and nursing-care insurance. Even if a 
patient continues to suffer from a sequela, the maximum number of days thereof must be 
restrained. He/she will be forced to continue inconvenient life with inconvenient body. The 
medical robotics can help this self-rehabilitation and functional recovery. Focusing on this point 
as the person engaged in the field of rehabilitation, the author wanted to make proposals 
concerning the development of home rehabilitation in the cerebrovascular disease. 
The rehabilitation of hemiplegia has been studied for many years as a neuromuscular facilitation 
method (facilitation technique) for over 50 years. However, no therapeutic evidence has been 
established yet. 
It is the accepted view that paralysis is encouraged to recover from muscles close to the body 
trunk. This is because the movement caused by those muscles involve in coarse exercise in terms 




is very slow. There are also many therapists who give up this treatment because it takes time to 
treat. Actually, there are many cases where the patients are left untreated. 
However, many cases are reported where patients could recover their finger movement by 
patiently and repeatedly practicing exercises of movement and providing many sensory inputs. 
From this fact, I have a doubt on the commonly accepted theory of "approaching from muscles 
closer to the trunk”. 
As viewed from human developmental science, the development of limbs of children acquires 
the dexterity of fingers through acquisition of coarse movement from the proximal muscles. 
However, a patient receiving the sequela of the cerebrovascular diseases is usually an adult. 
Reacquisition of a coarse movement is done by giving a simple feedback. However, it has been 
observed that the exercises of complex daily tasks and dexterous finger movements result in an 
acceleration of recovery of the coarse movement and the acquisition of precise finger movements. 
This fact motivates me to investigate the device which gives daily exercise at home for finger 
voluntary movement. 
This research is to propose the finger rehabilitation support device. The research also validates 
the system design and the effectiveness of the concepts through experiments. The results are 
summarized as follows: (1) A new finger rehabilitation device for home use was proposed. (2) 
From the experiments of weight discrimination test, the motor learning of a finger movement 
accelerates the motor learning of upper limb movement. This supports the fact that the finger 
rehabilitation contributes to the recovery of upper limb function. By this, the proposed finger 
rehabilitation support device is shown to have a potential to contribute to an upper limb functional 
recovery. (3) From the experiments of nerve conductivity inspection, it was shown that the strain 
of muscles of fingers is suppressed by providing sensory input to fingertip. This is an essential 
factor to gain dexterous finger movement. Therefore, the device design is feasible to give exercise 
to gain dexterous finger movement. 
Currently, robotic device for upper limb rehabilitation have been widely proposed and sold. 




this thesis is an inexpensive and simple design. I am hoping this design will contribute to patients 
to perform continuous self-rehabilitation at home 
Key Words：Finger rehabilitation F-waves Cerebrovascular disease 
























































































































1.7 誘発神経伝導（F 波）について 
1.8 運動の再獲得，再学習について  






















習できる可能性について考察する.   
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図 3 ウィリス大脳動脈 

























図 4 動脈の還流領 




















































図 6 ブロードマンの脳地図 一部 
出典：生理学テキスト 








図 8 脳 CT 画像 左被殻出血図 3 






1-3 野が 3 次ニューロンの入力を経て知覚に至る． 
運動は 4 野単独では巧緻な運動の指令を出すことはできない．その全段階に当たる































































































































































図 4 能動的触覚と受動的触覚の MRI 表 2 感覚の種類と受容器 
 
図 12 能動的触覚と受動的触覚の MRI 
 
表 3 感覚の種類と受容器 
 
図 5 能動的触覚と受動的触覚の MRI 表 4 感覚の種類と受容器 
 




図 14 脳波形を用いた BIM  [66]図 12 能動的触覚と受動的触覚の MRI 
 
表 5 感覚の種類と受容器 
 
図 6 能動的触覚と受動的触覚の MRI 表 6 感覚の種類と受容器 
 
図 12 能動的触覚と受動的触覚の MRI 
 















伴う能動的探索行動をアクティブタッチ active touch といい，受動的触覚はパッシヴタ









表 3 共同運動の状態 
上肢 屈筋共同運動 伸筋共同運動 
肩甲帯 挙上と後退 前方突出 
肩関節 屈曲・外転・外旋 伸展・内転・内旋 
肘関節 屈曲 伸展 
前腕 回外 回内 
手関節 背屈 掌屈 
 
ステージ 上肢下肢 手指 
Ⅰ 動きなし（弛緩性麻痺） 動きなし（弛緩性麻痺） 
Ⅱ 連合反応 わずかに握る 
Ⅲ 共同運動 握れるが開けない 
Ⅳ 分離運動の開始 横つまみ・わずかな伸展 
Ⅴ 個別的な関節運動可能 色々なつまみ・伸展可能 













神経筋促通法は，Rood 法， Bobath 法， Brunnstrom 法， PNF 法が主流となり，1980
年代の日本において神経筋促通法の全盛期となった． 
Brunnstrome 法はスウェーデンの理学療法士 Brunnstrom によって提唱されたが，運
動麻痺の状態を発症時から回復に至るまでの段階を明確にし[図 13]，現代の片麻痺機















































































































































































































く変動する可能性が高い. 運動神経軸索の末梢部での刺激による α 運動ニューロンの
逆行性興奮を受けて出現すると考えられている F 波は，直接 α 運動細胞を刺激するこ
とで出現する反射波であることから[図 18]，1966 年 McLeod に発見されて以来，脊髄


























































































図 20 外骨格型アシスト（桐原ら 2008） 
       


















































































































図 25 機器の動作とセンシングについて 
左上 手指持ち上げアシスト機構． 
右上 手指持ち上げ時に押し下げ力を測定するロードセル． 


























図 27 鍵盤が圧力センサを稼働させる図 

















































図 30 手指の持ち上げとギアモータ 










































































図 34 実際の探索課題アタッチメントのサーボモータ図２ 




















































図 37 装置のシステム構築図 






 試作機で使用した素材は，３D プリンタのプラスチック素材と小型マイコン Arduino 
















１． 初めに 5秒間，使用者は機器に手をのせたままとする 
２． 5秒経過後，装置から使用者に示指を上げるよう指示を出す 
３． 示指を上げる指示から 3秒後，装置は指の押し上げ機構によって 6秒の間鍵盤
を持ち上げ角度の計測を行う（3秒で鍵盤の持ち上げ，3秒で鍵盤を下げる） 











た[図 37][表 5]． 
 








































日本ではおおよそ 130 万人もの脳血管障害（cerebrovascular disease；以下 CVD）の
患者がいる[23]．CVD の患者は発症から 180 日で障害固定とみなされ，その後のリハ
ビリテーションは月 13 単位（一単位 20 分）と制限されている．遷延化した運動麻痺



















現在日本においても Brain Machine Interface(以下 BMI)や随意運動介助型電気刺激装


























図 40 BMI 概略図 
   慶応義塾大学 






































































実験の参加に説明と同意を得た神経筋に疾患の既往がない年齢は 21 歳～30 歳の 17 人
の健常者とした.  
3.1.6 方法 
グループ 1・指入力肘出力群：第 2 指で圧力計を押して動作練習し,後に肘でその重さ
を再現するグループ． 
グループ 2・肘入力指出力群：肘で圧力計を押して動作練習し,後に指でその重さを再
現するグループの 2 グループに分けた． 
実験の手順：被験者を安楽な椅子に座らせ図 55－図 56，圧力計測装置に接続したはか
り図 5（以下圧力計）を用意した.この圧力計を押す.重さは 0.5kgf とし，10 分間の練習






図 44 計測肢位 1 
図 45 計測肢位２ 
た圧力計の数値を読み上げ，聴覚を用いて確認させた.一回の試行は 5 秒間持続して再
現させる効果器（グループ１は肘，グループ２は指）で圧力計を押させ，圧力計に接










   











図 46 重量覚検査用圧力計（キッチンスケールを改造） 
















































































試行回数    肘出力     指出力 
1    939.0     121.5 
2   941.7   153.7 
3   1080.9   152.1 
4   940.5   169.8 
5   1018.6   120.5 
6   1010.6   199.7 
7   962.8   208.1 
8   1091.5   187.4 
9   1265.0   177.1 
10   1126.0   172.8 
11   1134.9   171.2 
12   1260.0   133.9 
13   1135.8   149.6 
14   1080.7   127.7 
15   1067.4   153.8 
16   1129.7   186.9 
17   1121.4   162.0 
18   1058.4   203.0 
19   1342.0   162.7 
20    1435.7     186.1 













    

























































































































































































































































































































































性 5 名の計 10 名とした．いずれも末梢神経障害などの既往歴がない健常者で，年齢は
31±11.1 歳であった.   
3.2.4方法 
























統計学的処理は Wilcoxon signed-rank test を行い有意確率は 5%とした．統計ソフトは


















図 51 誘発筋電装置での F 波計測１ 







































図 53  上段 探索課題図形 
            中段 図形の実寸 





 安静時と探索課題遂行時の比較において，F 波出現率では，安静時が 34.5％，探索
課題遂行時が 22.0％であり，探索遂行時の出現率は安静時のそれに比べて有意に低下
していた（p＝0.029）.また F/M 比では安静時が 4.4％，探索課題遂行時は 6.1％であ
り，探索課題遂行時の方が有意に上昇していた（p=0.016）. F 潜時については有意差
がみられなかった[表 6][図 54-55]. 
3.2.6考察 






















































図 54 安静時グループ F 波 
 
























図 56 探索時 F 波の状態 
















































































































































A 44 4.3 24.96 1113 25.79   56 4.9 24.57 1220 24.95 
B 31 5.2 29.54 960 18.46   25 4.8 30.81 880 18.33 
C 63 5.6 27.28 1350 24.32   38 6 24.00 1470 24.40 
D 38 3.9 25.09 770 19.07   19 7.5 26.83 1400 18.63 
E 19 2.5 24.42 500 20.29   19 3.2 23.98 675 21.28 
F 50 12.4 29.62 950 7.68   25 14.3 29.8 575 4.02 
D 19 2.7 23.87 370 13.91   6 15.8 27.85 910 8.65 
H 31 2.6 24.52 440 17.09   19 2.2 28.1 390 17.7 
I 63 5 24.33 670 10.89   50 6.1 23.96 635 10.35 
J 19 4.5 28.32 500 10.83   19 10.8 27.57 530 4.90 
































































































































































 図 59 運動単位 
 


























            図 60 下腿三頭筋と手指虫様筋 



































されたように重さを表現した．このことは 0.5kgf という結果の知識 knowledge of 












































































































































































































































[1] R. J. Nudo and G. W. Milliken, “Reorganization of movement representations in primary 
motor cortex following focal ischemic infarcts in adult squirrel monkeys,” Journal of 
neurophysiology, vol. 75, no. 5, pp. 2144–2149, 1996.  
[2] K. Kario et al., “Morning surge in blood pressure as a predictor of silent and clinical 
cerebrovascular disease in elderly hypertensives: a prospective study,” Circulation, vol. 
107, no. 10, pp. 1401–1406, 2003. 
[3] P. Bath, C. Algert, N. Chapman, and B. Neal, “Association of mean platelet volume with 
risk of stroke among 3134 individuals with history of cerebrovascular disease,” Stroke, vol. 
35, no. 3, pp. 622–626, 2004.  
[4] P. Bath, C. Algert, N. Chapman, and B. Neal, “Association of mean platelet volume with 
risk of stroke among 3134 individuals with history of cerebrovascular disease,” Stroke, vol. 
35, no. 3, pp. 622–626, 2004.  
[5] J. W. Lance, “Pathophysiology of spasticity and clinical experience with baclofen,” 
Spasticity: disordered motor control, pp. 185–204, 1980.  
[6] E. R. Kandel, J. H. Schwartz, and T. M. Jessell, カンデル神経科学. メディカル・サイ
エンス・インターナショナル, 2014.  
[7] 久保田競, 手と脳. 紀伊国屋書店, 2010.  
[8] 道免和久, “運動学習とニューロリハビリテーション,” 理学療法学, vol. 40, no. 8, 
pp. 589–596, 2013.  
[9] Wolf SL, Winstein CJ, Miller J, and et al, “Effect of constraint-induced movement therapy 
on upper extremity function 3 to 9 months after stroke: The excite randomized clinical 
trial,” JAMA, vol. 296, no. 17, pp. 2095–2104, Nov. 2006.  
[10] A. Bateman, F. J. Culpan, A. D. Pickering, J. H. Powell, O. M. Scott, and R. J. Greenwood, 




randomized controlled evaluation,” Archives of physical medicine and rehabilitation, vol. 
82, no. 2, pp. 174–182, 2001.  
[11] H. I. Krebs et al., “Rehabilitation robotics: Performance-based progressive robot-assisted 
therapy,” Autonomous robots, vol. 15, no. 1, pp. 7–20, 2003.  
[12] H. I. Krebs et al., “Rehabilitation robotics: pilot trial of a spatial extension for MIT-
Manus,” Journal of NeuroEngineering and Rehabilitation, vol. 1, no. 1, p. 5, Oct. 2004.  
[13] J. Eriksson, M. J. Mataric, and C. J. Winstein, “Hands-off assistive robotics for post-stroke 
arm rehabilitation,” in Rehabilitation Robotics, 2005. ICORR 2005. 9th International 
Conference on, 2005, pp. 21–24.  
[14] N. Tejima, “Rehabilitation robotics: a review,” Advanced Robotics, vol. 14, no. 7, pp. 551–
564, 2001.  
[15] P. Beckerle et al., “A Human–robot interaction Perspective on Assistive and rehabilitation 
robotics,” Frontiers in neurorobotics, vol. 11, p. 24, 2017.  
[16] F. Yakub, A. Z. M. Khudzari, and Y. Mori, “Recent trends for practical rehabilitation 
robotics, current challenges and the future,” International Journal of Rehabilitation 
Research, vol. 37, no. 1, pp. 9–21, 2014.  
[17] 平塚弘幸 et al., “脳卒中片麻ひ上肢のＦ波とＨ波,” 整形外科と災害外科, vol. 35, 
no. 1, pp. 237–239, 1986.  
[18] 片山雅史, 古島健次, 中西亮二, 村山伸樹, “睡眠時における F 波の変化,” 医学検査
 : 日本臨床衛生検査技師会誌 = The Japanese journal of medical technology, vol. 53, 
no. 9, pp. 1122–1126, Sep. 2004.  
[19] J. Kimura, P. Bosch, and G. Lindsay, “F-wave conduction velocity in the central segment 
of the peroneal and tibial nerves.,” Archives of physical medicine and rehabilitation, vol. 




[20] K. Yamamoto, Y. Furudate, K. Chiba, Y. Ishida, and S. Mikami, “Home Robotic Device 
for Rehabilitation of Finger Movement of Hemiplegia Patients,” in 2017 IEEE/SICE 
International Symposium on System Integration, Taipei, Taiwan, 2017, p. TuE1.3:1-6.  
[21] K. Chiba et al., “Effects of Searching Task on Spinal Cord Excitability for Finger Function 
Recovery Training with Robotic Device,” in The 2015 Biomedical Engineering 
International Conference (BMEiCON-2015), Pattaya, Thailand, 2015, p. D2R3AE1-5.  
[22] O. Sandoval-Gonzalez et al., “Design and development of a hand exoskeleton robot for 
active and passive rehabilitation,” International Journal of Advanced Robotic Systems, vol. 
13, no. 2, p. 66, 2016.  
[23] 正門由久, “入門講座 痙縮(1)その病態生理,” 臨床脳波, vol. 48, no. 3, pp. 169–177, 
Mar. 2006.  
[24] P. M. Davies, Steps to follow: the comprehensive treatment of patients with hemiplegia. 
Springer Science & Business Media, 2000.  
[25] R. J. Downey, T.-H. Cheng, M. J. Bellman, and W. E. Dixon, “Closed-loop asynchronous 
neuromuscular electrical stimulation prolongs functional movements in the lower body,” 
IEEE Trans Neural Syst Rehabil Eng, vol. 23, no. 6, pp. 1117–1127, 2015.  
[26] S. Bhasin, P. Patre, Z. Kan, and W. Dixon, “Control of a robot interacting with an uncertain 
viscoelastic environment with adjustable force bounds,” in American Control Conference 
(ACC), 2010, 2010, pp. 5242–5247.  
[27] M. Kawato, “Internal models for motor control and trajectory planning,” Current opinion in 
neurobiology, vol. 9, no. 6, pp. 718–727, 1999.  
[28] J. J. Gibson, “Observations on active touch.,” Psychological review, vol. 69, no. 6, p. 477, 
1962.  
[29] 古屋晋一, ピアニストの脳を科学する: 超絶技巧のメカニズム. 春秋社, 2012.  




[31] D. Katz, Lk. Krueger, and L., Eds., The World of Touch. New York: Psychology Press, 
1989.  
[32] 岩村吉晃, “感覚系のモデリング「アクティヴタッチの神経機構」,” 計測と制
御, vol. 41, no. 10, pp. 728–732, 2002.  
[33] G. Robles-De-La-Torre and V. Hayward, “Force can overcome object geometry in the 
perception of shape through active touch,” Nature, vol. 412, p. 445, Jul. 2001.  
[34] P. M. Fitts and J. R. Peterson, “Information capacity of discrete motor responses.,” Journal 
of Experimental Psychology, vol. 67, no. 2, pp. 103–112, 1964.  
[35] P. N. Hoffman, “The slow component of axonal transport. Identification of major structural 
polypeptides of the axon and their generality among mammalian neurons,” The Journal of 
Cell Biology, vol. 66, no. 2, pp. 351–366, Aug. 1975.  
[36] K. Chiba et al., “Robotic Finger Rehabilitation Support Device for Home Use - An 
Analysis of the Effect of Finger Rehabilitation for the Upper Limb Function Recovery,” 
International Journal of Mechanical Engineering and Robotics Research, vol. 5, no. 4, pp. 
288–294, Oct. 2016. 
[37] 嘉戸直樹 and 伊藤正憲, “運動学習はここまでわかった,” 関西理学療法, vol. 8, 
pp. 49–52, 2008.  
[38] A. Ramos-Murguialday et al., “Brain-machine interface in chronic stroke rehabilitation: A 
controlled study: BMI in Chronic Stroke,” Annals of Neurology, vol. 74, no. 1, pp. 100–









[1]K. Chiba et al., “Robotic Finger Rehabilitation Support Device for Home Use - An Analysis 
of the Effect of Finger Rehabilitation for the Upper Limb Function Recovery,” International 
Journal of Mechanical Engineering and Robotics Research, vol. 5, no. 4, pp. 288–294, Oct. 
2016.  
[2]K. Chiba et al., “Effects of Searching Task on Spinal Cord Excitability for Finger Function 
Recovery Training with Robotic Device,” in The 2015 Biomedical Engineering International 
Conference (BMEiCON-2015), Pattaya, Thailand, 2015, p. D2R3AE1-5.  
 
B. 国際会議・ジャーナル 
[1]K. Yamamoto, Y. Furudate, K. Chiba, Y. Ishida, and S. Mikami, “Home Robotic Device for 
Rehabilitation of Finger Movement of Hemiplegia Patients,” in 2017 IEEE/SICE International 
Symposium on System Integration, Taipei, Taiwan, 2017, p. TuE1.3:1-6.  
[2]Y. Furudate, K. Yamamoto, K. Chiba, Y. Ishida, and S. Mikami, “Quantification Method of 
Motor Function Recovery of Fingers by Using the Device for Home Rehabilitation,” in 2017 
IEEE 39th Annual International Conference of the Engineering in Medicine and Biology 
Society, Jeju Island, Korea, 2017, pp. 3872–3875.  
 
C. 学会発表 
[1]大貫奈々美, 古館裕大, 山本一希, 千葉馨, 石田裕二, 三上貞芳, “指先を対象とした
家庭で広く利用できるリハビテーション支援デ バイスの機構開発,” Japan AT フォーラ




[2]古館裕大, 山本一希, 千葉馨, 石田裕二, 三上貞芳, “指先を対象とした家庭用リハビ
リデバイスにおける示指と母指の分離運動に着目した定量化手法の検討,” 第 33 回ラ
イフサポート学会大会，第 17 回日本生活支援工学会大会，日本機械学会 福祉工学シ
ンポジウム 2017, 東京都文京区, 2017, pp. 1C-3–7.  
[3]山本一希, 古館裕大, 千葉馨, 石田裕二, 三上貞芳, “指の随意運動を対象とした作業
療法リハビリを支援する簡便な家庭向けデバイス,” 日本機械学会ロボティクス・メカ
トロニクス講演会 2017, 福島県郡山市, 2017, pp. 2P1-O12(1-4).  
[4]古館裕大, 山本一希, 千葉馨, 石田裕二, 三上貞芳, “指先を対象とした家庭用リハビ
リデバイスにおける麻痺の回復度の自動測定システム,” 日本機械学会ロボティクス・
メカトロニクス講演会 2017, 福島県郡山市, 2017, pp. 2P1-O10(1-4).  
[5]古館裕大, 山本一希, 千葉馨, 石田裕二, 三上貞芳, “指先を対象とした家庭用リハビ
リテーションデバイスにおける麻痺の回復度定量化に関する研究,” 第 32 回ライフサ
ポート学会大会，第 16 回日本生活支援工学会大会，日本機械学会 福祉工学シンポジ
ウム 2016, 宮城県仙台市, 2016, pp. 266–269.  
[6]山本一希, 古舘裕大, 千葉馨, 石田裕二, 三上貞芳, “指の随意運動を対象とした作業
療法リハビリを支援する簡便な家庭向けデバイス,” 日本機械学会ロボティクス・メカ











図 1 Nudo らの人工的に脳梗塞を作ったリス猿の不活性性上肢の実験 ..................... 16 
図 2 脳動脈 ................................................................................................................. 17 
図 3 ウィリス大脳動脈 .............................................................................................. 18 
図 4 動脈の還流領域 .................................................................................................. 19 
図 5（左）片麻痺の状態像と（右）上位ニューロンの障害部位と麻痺の状態 .......... 20 
図 6 ブロードマンの脳地図 一部 ............................................................................ 21 
図 7 意図から運動までのフロー .............................................................................. 221 
図 8 脳 CT 画像 左被殻出血 .................................................................................... 22 
図 9 片麻痺の状態図 .................................................................................................. 24 
図 10 深部腱反射の仕組み 上腕二頭筋反射............................................................ 25 
図 11 感覚神経の入力図（上行性神経路） ............................................................... 27 
図 12 能動的触覚と受動的触覚の MRI ...................................................................... 29 
図 13 筋力評価と片麻痺評価（ブルンストロームステージ）の関係性 ................... 31 
図 14 脳波形を用いた BIM   .................................................................................... 34 
図 15 リハビリテーション装置  .............................................................................. 36 
図 16 ホムンクルスによる感覚野と運動野の機能 .................................................... 37 
図 17 乳児の体幹機能と四肢の関係 .......................................................................... 39 
図 18 F 波の詳細 ........................................................................................................ 40 




図 20 外骨格型パワーアシスト ................................................................................. 44 
図 21 ソフトアクチュエータ ..................................................................................... 44 
図 22 山本らが作成した家庭用手指リハビリテーション支援装置 ........................... 45 
図 23 装置に手を置いたリハビリテーション構えの図 ............................................. 46 
図 24 徒手（検査者による）連合反応の誘導の方法 ................................................. 48 
図 25 機器の動作とセンシングについて ................................................................... 49 
図 26 圧力センサと鍵盤の関係 ................................................................................. 50 
図 27 鍵盤が圧力センサを稼働させる図 ................................................................... 50 
図 28 ロードセルと歪ゲージの関係 .......................................................................... 51 
図 29 歪ゲージ ........................................................................................................... 51 
図 30 手指の持ち上げとギアモータ .......................................................................... 52 
図 31 患者に実装した機器 指上げ中 ...................................................................... 52 
図 32 スタートからインジケータまでを表示する UI ............................................... 53 
図 33 探索課題アタッチメントのサーボモータ図１ ................................................. 54 
図 34 実際の探索課題アタッチメントのサーボモータ図２ ...................................... 55 
図 35 アタッチメントが回転して別の面の課題を提示する ...................................... 55 
図 36 機器のリハビリテーション手順 ...................................................................... 56 
図 37 装置のシステム構築図 ..................................................................................... 57 
 図 38 歪ゲージ，ロードセル，計装アンプの回路図…………………………………….57 




図 40 BMI 概略図 ...................................................................................................... 62 
図 41 IVES ................................................................................................................ 62 
図 42  手指リハビリテーション支援装置 母指の連合反応センシング .................. 63 
図 43 左手用家庭用手指リハビリテーション装置 .................................................... 64 
図 44 計測肢位 1 ........................................................................................................ 66 
図 45 計測肢位 2 ........................................................................................................ 66 
図 46 重量覚検査用圧力計………………………………………………………………..67 
図 47 指のポジション ................................................................................................ 67 
図 48 グループ間の平均値の推移 ................................................................................ 70 
図 49 肘出力 個人のデータ ..................................................................................... 70 
図 50 指出力 個人のデータ ..................................................................................... 71 
図 51 誘発筋電装置での F 波計測 ............................................................................. 77 
図 52 誘発筋電装置での F 波計測 ............................................................................. 77 
図 53 探索課題図形 .................................................................................................... 78 
図 54 安静時グループ F 波 ........................................................................................ 81 
図 55 探索時グループ F 波 ........................................................................................ 81 
図 56 探索時 F 波の状態 ............................................................................................ 82 
図 57 安静時 F 波の状態 ............................................................................................ 82 
図 58 Schmidt のスキーマ理論 ................................................................................. 88 



























表 1 感覚の種類と受容器 ........................................................................................... 28 
表 2 片麻痺の評価 ブルンストロームステージ ...................................................... 30 
表 3 共同運動の状態 .................................................................................................. 30 
表 4 古舘ら実験のデータセット  ............................................................................ 59 
表 5 肘出力群と指出力群 グループ平均値 .............................................................. 69 
表 6 試行回数とグループの平均 ........ エラー! ブックマークが定義されていません。 
表 7 探索時および安静時 f 波のデータ ..................................................................... 85 
表 8 運動単位 ............................................................................................................. 90 
表 9 段階的学習 ......................................................................................................... 94 
 
 
 
 
 
 
 
 
 
 
